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PATENT APPLICATION 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re the Application of 
Tomiyoshi USHIYAMA et al. 

Application No.: U.S. National Stage of PCT/JP97/04507 

Filed: Augusts, 1998 Docket No.: 100406 

For: DICHROIC PRISM, PRISM UNIT, AND PROJECTION DISPLAY APPARATUS 

PRELIMINARY AMENDMENT 

Assistant Commissioner of Patents 
Washington, D. C. 20231 

Sir: 

Prior to initial examination, please amend the above-identified application as follows: 
IN THE SPECIFICATION : 

Page 1 , line 1 , delete "DESCRIPTION" ; 

line 3, change "Technical Field" to - Background of the Invention --: 

between lines 3 and 4 insert ~1. Field of Invention -; and 

line 6, change "Background Art" to -2. Description of Related Art -. 

Page 2, line 15, change "Fig. 14 is an explanatory view" to —Figs. 14(A) and 

14(B) are explanatory views-. 

Page 3, line 7, change "Fig. 14" to -Figs. 14(A) and 14(B)~; 

between lines 22 and 23, insert - SUMMARY OF THE 

INVENTION -: and 

line 29, delete "Disclosure of the Invention". 
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Page 6, line 5, change "claimed in one of claims 1 to 6" to —of the first or 

second invention--; 

line 19, change "2" to -2(A) and 2(B)-; and 
line 27, change "5" to -5(A) and 5(B)-. 
Page 7, line 1, change "Fig. 6 is a perspective view" to -Figs. 6(A) to 6(D) are 
perspective views-; 

line 10, change "Fig. 9 is an explanatory view" to -Figs. 9(A) and 9(B) 
are explanatory views—; 

line 13, change "Fig. 10 is a perspective view" to —Figs. 10(A) and 
10(B) are perspective views—; 

line 15, change "Fig. 1 1 is an explanatory view" to —Figs. 1 1(A) to 
1 1(C) are explanatory views—; 

line 23, change "Fig. 14 is an explanatory view" to —Figs. 14(A) and 
14(B) are explanatory views-; 

line 25, change "Best Modes for Carrying Out the Invention" to 
- DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS -; and 

lines 28-29, change "Fig. 1 is an explanatory view" to —Figs. 1(A) and 
1(B) are explanatory views—. 

Page 8, line 28, change "Fig. 3 is a perspective view" to —Figs. 3(A) to 3(D) 

are perspective views—. 

Page 11, line 28, change "Fig. 1" to -Figs. 1(A) and 1(B)-. 
Page 12, line 2, after "embodiment" insert —having a width WP-; 

line 10, change "downward" to —upward—; and 

line 19, change "Fig. 6 is a perspective view" to -Figs. 6(A) to 6(D) 
are perspective views-. 
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Page 14, line 14, change "510a of the base 510" to --512a of the base 512~; 

line 18, change "302A" to ~302a-; and 

line 26, change "Fig. 6" to -Figs. 6(B) and 6(D). 
Page 15, line 4, change "Fig. 9 is an explanatory view" to -Figs. 9(A) and 9(B) 
are explanatory views--; 

line 9, change "520" to ~522~; 

line 11, change "520" to ~522~; 

line 27, change "303a" to -302a~. 
Page 16, line 2, change "303a" to ~302a~; 

line 4, change "303a" to -302a-; 

lines 5-6, change "311, 312, 321, and322 shown inPig. 3" to -341, 
342, 351, and 352 shown in Figs. 6(A) and 6(B)-; 

lines 7-8, change "311, 312, 321, and 322" to -341, 342, 351, and 

352-; 

Imes 10-11, change "311, 312, 321, and 322" to -341, 342, 351, and 

352-; 

line 13, change "311 and 312" to -341 and 342-; 
line 16, change "321 and 322" to -351 and 352-; 
line 18, change "Fig. 9" to -Figs. 9(A) and 9(B)-. 

IN THE ABSTRACT : 

Please amend the Abstract to read: 

At least one of four rectangular prisms in a dichroic prism is made longer than the 
other rectangular prisms. Parts of the rectangular surfaces of the long rectangular prisms 
partially protrude from the rectangular surfaces of the other rectangular prisms in the 
longitudinal direction. The protruding parts of the rectangular surfaces of the long 
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rectangular prisms are not provided with a dichroic film. Such a construction makes it 
possible to prevent return light, which retirais from the light emitting surface side of the 
dichroic prism and the dichroic prism, from emitting again from the light emitting surface. 
IN THE DRAWINGS : 

Please correct Figs. 6(B), 11 (C), and 12 as set forth in the attached Request for 
Approval of Drawing Corrections. 
IN THE CLAIMS 

Please amend claims 1-8 as follows: 

1 . (Amended) A dichroic prism [composed of] comprising : 

four rectangular prisms [with theirl , each rectangular prism having rectangular 
surfaces bonded [together] to rectangular surfaces of adjacent rectangular prisms , [wherein] a 
first surface part [of a rectangular surface] of at least one said of four rectangular prisms 
[protrudes] protruding from the rectangular surfaces of other ones of said rectangular prisms, 
and 

[wherein] a dichroic film [is] formed on a second siirface part [of the 
rectangular surface] of said [protruding] at least one rectangular prism [other than said 
protruding part] , said second surface part not protruding from said rectangular surfaces of 
said other ones of said rectangular prisms . 

2. (Amended) A dichroic prism [composed of] comprising : 

four rectangular prisms [with their] , each rectangular prism having rectangular 
surfaces bonded [together] to rectangular surfaces of adjacent rectangular prisms, [wherein] a 
first surface part [of a rectangular surface] of a first rectangular prism pair composed of two 
adjoining rectangular prisms of said four rectangular prisms [protrudes] protruding from a 
rectangular surface of a second rectangular prism pair in a longitudinal direction, and 
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[wherein] a dichroic film [is] formed on a second surface part [of the 
rectangular surface] of said first rectangular prism pair [other than said protruding part] , said 
second surface part not protruding fi-om said rectangular surfaces of said other ones of said 
rectangular prisms . 

3. (Amended) [A] The dichroic prism according to claim 2, [wherein] said two 
adjoining rectangular prisms in said first rectangular prism pair [are] being in a state shifted 
firom each other in the longitudinal direction so that they form a step. 

4. (Amended) [A] The dichroic prism according to [any of claims 1 to 3, 
wherein] claim 1, [the rectangular surface of] said [protruding] first surface part [is] being 
provided with a light diffusing layer for diffusing light. 

5. (Amended) [A] Tlie dichroic prism according to claim 4, [wherein] said light 
diffusing layer [is] being an adhesive layer. 

6. (Amended) [A] The dichroic prism according to claim [5, wherein] 4, said 
light diffiising layer [is] being a ground glass layer. 

7. (Amended) A prism unit, comprising: 

a dichroic prism [claimed in any of claims 1 to 6] composed of four 
rectangular prisms, each rectangular prism having rectangular surfaces bonded to rectangular 
surfaces of adjacent rectangular prisms, a first surface part of at least one of said four 
rectangular prisms protruding from the rectangular surfaces of other ones of said rectangular 
prisms, and a dichroic film formed on a second surface part of said at least one rectangular 
prism, said second surface part not protruding from said rectangular surfaces of said other 
ones of said rectangular prisms ; and 

a prism stand for mounting said dichroic prism thereon, [wherein] said prism 
stand [has] having a step that matches a step of said dichroic prism. 
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8. (Amended) A projection display apparatus, comprising: 

an illumination optical system for emitting illumination light; 

colored light separation means for separating the illumination Ught into Hghts 

of three colors; 

three light modulation means for modulating the three colored lights based on 
a given image signal; 

a dichroic prism [claimed in any of claims 1 to 6] composed of fotir 
rectangular prisms, each rectangular prism having rectangular surfaces bonded to rectangular 
surfaces of adjacent rectangular prisms, a first surface part of at least one of said four 
rectangular prisms protruding from the rectangular surfaces of other ones of said rectangular 
prisms, and a dichroic film formed on a second surface part of said at least one rectangular 
prism, said second surface part not protruding from said rectangular surfaces of said other 
ones of said rectangular prisms ; and 

a projection optical system for projecting the lights synthesized by said 

dichroic prism. 

Please add new claims 9-20 as follows: 

—9. A prism unit, comprising: 

a dichroic prism composed of four rectangular prisms, each rectangular prism 
having rectangular surfaces bonded to rectangular surfaces of adjacent rectangular prisms, a 
first surface part of a first rectangular prism pair composed of two adjoining rectangular 
prisms of said four rectangular prisms protruding from a rectangular surface of a second 
rectangular prism pair in a longitudinal direction, and a dichroic film formed on a second 
surface part of said first rectangular prism pair, said second surface part not protruding from 
said rectangular surfaces of said other ones of said rectangular prisms; and 
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a prism stand for mounting said dichroic prism thereon, said prism stand 
having a step that matches a step of said dichroic prism.-- 
—10. A proj ection display apparatus, comprising : 

an illumination optical system for emitting illimiination light; 

colored hght separation means for separating the illumination light into lights 

of three colors; 

three Ught modulation means for modulating the three colored Hghts based on 
a given image signal; 

a dichroic prism composed of four rectangular prisms, each rectangular prism 
having rectangular surfaces bonded to rectangular surfaces of adjacent rectangular prisms, a 
first surface part of a first rectangular prism pair composed of two adjoining rectangular 
prisms of said four rectangular prisms protruding from a rectangular surface of a second 
rectangular prism pair in a longitudinal direction, and a dichroic fihn formed on a second 
surface part of said first rectangular prism pair, said second surface part not protruding from 
said rectangular surfaces of said other ones of said rectangular prisms; and 

a projection optical system for projecting the lights synthesized by said 
dichroic prism. ~ 

~11 . The prism unit according to claim 7, said first surface part being provided with 
a light diffusing layer for diffusing Ught.-- 

-12. The prism unit according to claim 11 , said Hght diffusing layer being an 
adhesive layer.— 

—13. The prism unit according to claim 1 1 , said light diffusing layer being a grovmd 
glass layer.— 

-14. The projection display apparatus according to claim 8, said first surface part 
being provided with a light diffusing layer for diffusing light.- 
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-15. The projection display apparatus according to claim 14, said light diffusing 
layer being an adhesive layer.-- 

-16. The projection display apparatus according to claim 14, said light diffusing 
layer being a ground glass layer.-- 

-17. The prism unit according to claim 9, said two adj oining rectangular prisms in 
said first rectangular prism pair being fixed in a state shifted from each other in the 
longitudinal direction so that they form the step of said dichroic prism.- 

— 18. The projection display apparatus according to claim 10, said two adjoining 
rectangular prisms in said first rectangular prism pair being fixed in a state shifted from each 
other in the longitudinal direction so that they form a step.— 

—19. A proj ection display method, comprising : 
emitting illumination light; 

separating the illumination hght into lights of three colors; 

modulating the three colored lights based on a given image signal; 

synthesizing the lights using a dichroic prism composed of four rectangular 
prisms, each rectangular prism having rectangular surfaces bonded to rectangular surfaces of 
adjacent rectangular prisms, a first surface part of at least one of said four rectangular prisms 
protruding from the rectangular surfaces of other ones of said rectangular prisms, and a 
dichroic film formed on a second surface part of said at least one rectangular prism, said 
second surface part not protruding from said rectangular surfaces of said other ones of said 
rectangular prisms; and 

projecting the lights synthesized by said dichroic prism.- 
-20. A proj ection display method, comprising: 

emitting illumination light; 
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separating the illumination light into lights of three colors; 

modulating the three coiored lights based on a given image signal; 

synthesizing the Hghts using a dichroic prism composed of four rectangular 
prisms, each rectangular prism having rectangular surfaces bonded to rectangular surfaces of 
adjacent rectangular prisms, a first surface part of a first rectangular prism pair composed of 
two adjoining rectangular prisms of said four rectangular prisms protruding from a 
rectangular surface of a second rectangular prism pair in a longitudinal direction, and a 
dichroic film formed on a second surface part of said first rectangular prism pair, said second 
surface part not protruding from said rectangular surfaces of said other ones of said 
rectangular prisms; and 

projecting the lights synthesized by said dichroic prism.-- 
REMARKS 

Claims 1-20 are pending. By this Amendment, claims 1-8 are amended and 
claims 9-20 are added. 

The above amendments place this Apphcation in even better condition for initial 
examination. Prompt consideration and allowance in due course are earnestly solicited. 

Should the Examine beUeve anything further is desirable in order to place the 
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Application in even better condition for allowance, the Examiner is invited to contact 
Applicant's undersigned attorney at the telephone number listed below. 




Thu Anh Dang 
Registration No. 41,544 



JAO:TAD/cfr 

OLIFF & BERRIDGE, PLC 
P.O. Box 19928 
Alexandria, Virginia 22320 
Telephone: (703) 836-6400 
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DESCRIPTION 



DICHROIC._.PRISM. PRISM UNIT> AMIL_£RO J£CTI0N DISP LAY_ APPARATU S_^ 

Technical Field 

The present invention relates to a dichroic prism, a 
prism unit thereof, and a projection display apparatus. 



Background Art 

Most projection display apparatuses for projecting a 
color image onto a projection screen utilize a dichroic 
prism. A dichroic prism is an optical element that 
synthesizes and emits lights of three colors, red, green, 
and blue, in the same direction. 

Fig. 13 is a conceptual view showing the principal part 
of a projection display apparatus. This projection display 
apparatus includes three liquid crystal light valves 42, 44, 
and 46, a dichroic prism 48, and a projection lens 50. Red 
reflecting films 48R and blue reflecting films 48B are 
located in the form of a cross in the center of the dichroic 
prism 48. The dichroic prism 48 synthesizes lights of three 
colors, red, green, and blue that are modulated by the three 
liquid crystal light valves 42, 44, and 46, and emits the 
lights toward the projection lens 50. The projection lens 
50 focuses the synthesized lights onto a projection screen 
52. 

A general type of dichroic prism is made by bonding 
rectangular surfaces of four rectangular prisms that are 
equal in size. The red reflecting films 48R are previously 
formed on predetermined rectangular surfaces of two 



rectangular prisms so that they form a flat plane when four 
rectangular prisms are bonded together. The blue reflecting 
films 48B are also previously formed on predetermined 
rectangular surfaces of two rectangular prisms in a similar 
manner. In making a dichroic prism by bonding four 
rectangular prisms of equal size, however, it is very 
difficult to accurately bond the rectangular prisms so that 
the red reflecting films 48R form a flat plane and the blue 
reflecting films 48B form a flat plane. 

Accordingly, in order to accurately bond rectangular 
prisms together, it is well known to make some of the 
rectangular prisms longer than the others, as shown in, for 
example. Fig. 1 of Japanese Unexamined Patent Publication 
No. 7-294845. 

Fig. 14 is an explanatory view showing problems of such 
a conventional dichroic prism. As shown in Fig. 14(A), a 
dichroic prism 48 includes two rectangular prisms 61 and 62 
that are long in the longitudinal direction (also referred 
to as "a long rectangular prism pair"), and two rectangular 
prisms 63 and 64 that are short in the longitudinal 
direction (also referred to as "a short rectangular prism 
pair") . Blue reflecting films 48B are formed on interface 
surfaces between the long rectangular prism pair 61 and 62 
and the short rectangular prism pair 63 and 64. Rectangular 
surfaces of the long rectangular prism pair 61 and 62 are 
partly exposed, and the blue reflecting films 48B are also 
formed on the exposed surfaces. Moreover, red reflecting 
films are formed on an interface surface between the long 
rectangular prism pair 61 and 62, and on an interface 
surface between the short rectangular prism pair 63 and 64, 
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respectively . 

In a projection display apparatus, there is light that 
returns from a projection lens 50 toward the dichroic prism 
48 because of reflection by the projection lens 50, or the 
like. A description will now be given of a case in which 
white return light W is produced in the example shown in 
Fig. 14. Fig. 14(B) is a horizontal sectional view of 
protruding portions of the long rectangular prism pair 61 
and 62 at the top thereof. When the return light W enters a 
protruding rectangular surface of the rectangular prism 61 
(a surface provided with the blue reflecting film 48B) , it 
is totally reflected by the rectangular surface. Only red 
light R of the totally reflected return light W is reflected 
by the red reflecting film 48R, and is emitted again toward 
the projection lens 50. 

In the conventional dichroic prism shown in Fig. 14, 
the return light, which returns from the light emitting 
surface side to the dichroic prism, is thus reflected inside 
the dichroic prism and is emitted again from the light 
emitting surface. Consequently, the influence of this 
return light is exerted on an image to be reproduced by 
light emitted from the dichroic prism. 

The present invention has been made to solve the above 
problem of the related art, and it is an object of the 
present invention to prevent return light, which returns 
from the light emitting surface side of a dichroic prism to 
the dichroic prism, from emitting again from the light 
emitting surface. 



Disclosure of the Invention 
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In order to at least partially solve the above- 
mentioned problem, a first invention provides a dichroic 
prism composed of four rectangular prisms with their 
rectangular surfaces bonded together, wherein at least one 
of the four rectangular prisms is longer than the other 
rectangular prisms, so that a part of the rectangular 
surface of the long rectangular prism protrudes from the 
rectangular surfaces of the other rectangular prisms in the 
longitudinal direction, and wherein a dichroic film is 
formed on a part of the rectangular surface of the long 
rectangular prism other than the protruding part. 

Since this makes it possible to prevent return light 
from being reflected by a dichroic film on the protruding 
part, it is possible to prevent return light from emitting 
again from the light emitting surface. 

A second invention provides a dichroic prism composed 
of four rectangular prisms with their rectangular surfaces 
bonded together, wherein a first rectangular prism pair 
composed of adjoining two of the four rectangular prisms is 
longer than the other second rectangular prism pair, so that 
a part of the rectangular surface of the first rectangular 
prism pair protrudes from the rectangular surface of the 
second rectangular prism pair in the longitudinal direction, 
and wherein a dichroic film is formed on a part of the 
rectangular surface of the first rectangular prism pair 
other than the protruding part. 

Since the second invention also makes it possible to 
prevent return light from being reflected by a dichroic film 
on the protruding part, it is possible to prevent return 
light from emitting again from the light emitting surface. 



- 5 - 

In the above first or second invention, it is 
preferable that the two rectangular prisms in the first 
rectangular prism pair be fixed in a state shifted from each 
other in the longitudinal direction so that they form a 
step . 

This makes it possible to precisely position the center 
axis of the dichroic prism with the use of the step, and 
furthermore, to precisely position the reflecting surfaces 
of the rectangular prisms in the same plane. 

In the above first or second invention, it is 
preferable that the rectangular surface at the step of the 
first rectangular prism pair be provided with a light 
diffusing layer for diffusing light. This makes it possible 
to prevent return light from being totally reflected by the 
step of the protruding part. 

The light diffusing layer may be an adhesive layer or a 
ground glass layer. This ground glass layer may be formed 
by omitting to grind a part of the rectangular surface of 
the rectangular prism that is to be provided with the light 
diffusing layer. 

A third invention provides a prism unit comprising a 
dichroic prism of the first or second invention, and a prism 
stand for mounting the dichroic prism thereon, wherein the 
prism stand has a step that matches the step of the dichroic 
prism. 

The use of such a prism unit makes it possible to 
easily mount the dichroic prism of the first or second 
invention in another apparatus. 

A fourth invention provides a projection display 
apparatus comprising an illumination optical system for 
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emitting illumination light, colored light separation means 
for separating the illumination light into lights of three 
colors, three light modulation means for modulating the 
three colored lights based on a given image signal, a 
dichroic prism claimed in one of claims 1 to 6, and a 
projection optical system for projecting the lights 
synthesized by the dichroic prism. 

In the projection display apparatus of the fourth 
invention, return light that returns from the projection 
optical system to the dichroic prism can be prevented from 
being reflected inside the dichroic prism and emitting again 
from the light emitting surface. As a result, it is 
possible to prevent an image to be reproduced by light 
projected from the projection optical system from being 
affected by the return light. 

Brief Description of the Drawings 

Fig. 1 is an explanatory view of a dichroic prism 200 
according to a first embodiment of the present invention. 

Figs. 2 are a front view of the dichroic prism 200 of 
the first embodiment, and a cross-sectional view taken along 
line B-B in the front view. 

Fig. 3 is a perspective view of four rectangular prisms 
301 to 304 that constitute the dichroic prism 200 of the 
first embodiment. 

Fig. 4 is a perspective view of a dichroic prism 200a 
according to a second embodiment of the present invention. 

' Figs. 5 are a front view of the dichroic prism 200a of 
the second embodiment, and a cross-sectional view taken 
along line B-B in the front view. 
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Fig. 6 is a perspective view of four rectangular prisms 
301a, 302a, 303, and 304 that constitute the dichroic prism 
200 of the first embodiment. 

Fig. 7 is an explanatory view showing a process of 
bonding the first rectangular prism 301a and the third 
rectangular prism 303. 

Fig. 8 is an explanatory view showing a process of 
bonding the second rectangular prism 302a and the fourth 
rectangular prism 304. 

Fig. 9 is an explanatory view showing a method of 
assembling two bonded prisms made according to the processes 
shown in Figs . 7 and 8 . 

Fig. 10 is a perspective view of a prism stand 400 used 
in the dichroic prism. 

Fig. 11 is an explanatory view of a prism unit 260 
employed in a projection display apparatus. 

Fig. 12 is a schematic plan view showing the principal 
part of the projection display apparatus that utilizes the 
dichroic prism unit 260 according to the embodiment of the 
present invention. 

Fig. 13 is a conceptual view showing the principal part 
of a projection display apparatus. 

Fig. 14 is an explanatory view showing a problem of a 
conventional dichroic prism. 

Best Modes for Carrying Out the Invention 
A. First Embodiment: 

Next, modes for carrying out the present invention will 
be described according to the embodiments. Fig. 1 is an 
explanatory view of a dichroic prism 200 according to a 



first embodiment of the present invention. As shown in Fig. 
1(A), this dichroic prism 200 includes two adjoining long 
rectangular prisms 301 and 302 (also referred to as "a long 
rectangular prism pair"), and two adjoining short 
rectangular prisms 303 and 304 (also referred to as "a short 
rectangular prism pair") . The two long rectangular prisms 
301 and 302 are shaped like rectangular triangular prisms 
that are equal in length (in the longitudinal direction) . 
The two short rectangular prisms 303 and 304 are also shaped 
like rectangular triangular prisms that are equal in length. 
The short rectangular prism pair 303 and 304 are bonded to 
almost the center of the long rectangular prism pair 301 and 
303 in the longitudinal direction. That is, the long 
rectangular prism pair 301 and 302 protrude from the top and 
bottom of the short rectangular prism pair 301 and 302 by an 
almost equal length. 

Fig. 2(A) is a front view of the dichroic prism 200 
according to the first embodiment, and Fig. 2(B) is a cross- 
sectional view taken along line B-B in Fig. 2(A). As shown 
in Fig. 2(B), blue reflecting films 301B and 302B are formed 
on an interface surface between the long rectangular prism 
pair 301 and 302 and the short rectangular prism pair 303 
and 304. Furthermore, red reflecting films 302R and 304R 
are formed on an interface surface between the long 
rectangular prism pair 301 and 302 and on an interface 
surface between the short rectangular prism pair 303 and 
304, respectively. 

Fig. 3 is a perspective view of the four rectangular 
prisms 301 to 304 that constitute the dichroic prism 200 of 
the first embodiment. As shown in Fig. 3(A), the blue 



- 9 - 

reflecting film 301B is formed on one of two rectangular 
surfaces of the first rectangular prism 301 that serves as 
an interface surface between the first rectangular prism 301 
and the third rectangular prism 303, providing that exposed 
surfaces 311 and 312 protruding from the short rectangular 
prism pair 303 and 304 are not provided with the blue 
reflecting film 301B, and are ground to flat ground 
surfaces. The other rectangular surface of the first 
rectangular prism 301 is also not provided with any 
reflecting film, and is ground to a flat ground surface. 

As shown in Fig. 3(B), the blue reflecting film 302B is 
formed on one of two rectangular surfaces of the second 
rectangular prism 302 that serves as an interface surface 
between the second rectangular prism 302 and the fourth 
rectangular prism 304, providing that exposed surfaces 321 
and 322 protruding from the short rectangular prism pair 303 
and 304 are not provided with the blue reflecting film 301B 
and are ground to flat ground surfaces. The other 
rectangular surface of the second rectangular prism 302 
(i.e., the surface serving as an interface surface between 
the second rectangular prism 302 and the first rectangular 
prism 301) is provided with the red reflecting film 302R, 
providing that surface portions 331 and 332 protruding from 
the short rectangular prism pair 303 and 304 are not 
provided with the red reflecting film 302R, and are ground 
to flat ground surfaces. 

The two rectangular surfaces of the third rectangular 
prism 303 (Fig. 3(C)) are not provided with reflecting films 
(dichroic films), and are ground to flat ground surfaces. 
One of the two rectangular surfaces of the fourth 
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rectangular prism 304 (Fig. 3(D)), which serves as an 
interface surface between the fourth rectangular prism 304 
and the third rectangular prism 303, is entirely provided 
with the red reflecting film 3G4R. The other rectangular 
surface of the fourth rectangular prism 304 is not provided 
with any reflecting film (dichroic film) , and is ground to a 
flat ground surface. 

As shown in Figs. 3(A) and 3(B)/. the reflecting films 
301B, 302B, and 302R are formed only on the parts of the 
rectangular surfaces of the long rectangular prism pair 301 
and 302 that overlap with the short rectangular prism pair 
303 and 304. In other words, the portions 311, 312, 321, 
322, 331, and 332 protruding from the top and bottom of the 
short rectangular prism pair 303 and 304 are not provided 
with any reflecting films (dichroic films) . 

The reflecting film (dichroic film) is generally formed 
by evaporating a dielectric multilayer film. The dichroic 
prism 200 shown in Fig. 1 can be produced by bonding the 
thus prepared four rectangular prisms 301 to 304 with an 
adhesive. A method of assembling the dichroic prism of the 
embodiment will be described later in detail. 

Figs. 1(A) and 1(B) also show the optical path of white 
return light W that enters the protruding portions of the 
long rectangular prism pair 301 and 302. Fig. 1(B) is a 
horizontal sectional view of the protruding portions of the 
long rectangular prism pair 301 and 302. When the return 
light W from a projection lens 270 is incident on the 
protruding rectangular surface of the second rectangular 
prism 302 (the exposed surface 321) , it is totally reflected 
thereby. Since the interface surfaces between the 
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protruding portions of the long rectangular prism pair 301 
and 302 (the surfaces 331 and 332 shown in Fig. 3(B)) are 
not provided with a red reflecting film, the return light W 
totally reflected by the exposed surface 321 shown in Fig. 
1 (A) travels straight and unchanged through the interface 
surface between the long rectangular prism pair 301 and 302, 
passes through the first rectangular prism 301, and then, 
emerges . 

In this way, in the dichroic prism 200 of the first 
embodiment, the return light W from the projection lens 270 
does not emit again from the light emitting surface of the 
dichroic prism 200 (i.e., the light emitting surface of the 
second rectangular prism 302) . As a result, it is possible 
to avoid a phenomenon in which return light affects an image 
to be reproduced by light emitted from the light emitting 
surface of the dichroic prism. This advantage is obtained 
because dichroic films are not formed on the interface 
surfaces 331 and 332 between the protruding portions. 

Furthermore, since the exposed surfaces 311, 321, 312, 
and 322 are not provided with a dichroic film in the above- 
described embodiment, assembly precision can be improved by 
assembling the dichroic prism 200 with reference to the 
exposed surfaces. 
B. Second Embodiment 

Fig. 4 is a perspective view of a dichroic prism 200a 
according to a second embodiment of the present invention. 
The dichroic prism 200a is different from the first 
embodiment shown in Fig. 1 in that long rectangular prisms 
301a and 302a are vertically shifted from each other by a 
predetermined amount. 
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Fig. 5(A) is a front view of the dichroic prism 200a of 
the second embodiment, and Fig. 5(B) is a cross-sectional 
view taken along line B-B of Fig. 5(A). An upward 
protrusion length HI of the first rectangular prism 301a 
(i.e., the height of an exposed surface 341) is equal to the 
downward protrusion length of the second rectangular prism 
302a (i.e., the height of an exposed surface 352). 
Furthermore, a downward protrusion length H2 of the first 
rectangular prism 301a (the height of an exposed surface 
342) is equal to the downward protrusion length of the 
second rectangular prism 302a (the height of an exposed 
surface 351) . When the long rectangular prisms 301a and 
302a are thus shifted from each other in the longitudinal 
direction, it is easy to precisely position the center axis 
of the dichroic prism 200a in mounting the dichroic prism 
200a in an optical apparatus such as a projection display 
apparatus. In addition, it is easy to position the 
reflecting surfaces of dichroic films in the same plane. 

Fig. 6 is a perspective view of four rectangular prisms 
301a, 302a, 303, and 304 that constitute the dichroic prism 
200a of the second embodiment. The long rectangular prism 
pair 301a and 302a shown in Figs. 6(A) and 6(B) are 
different from those shown in Figs. 3(A) and 3(B) only in 
the positions where reflecting films (dichroic films) are 
formed. 

Fig. 7 is an explanatory view showing the process of 
combining the first rectangular prism 301a and the third 
rectangular prism 303. The combination is performed by 
using a first assembly jig 500. The first assembly jig 500 
includes a base 502 having a flat surface 502a, and a height 
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difference setting member 504 fixed on the base 502. In the 
height difference setting member 504, a height difference HI 
that corresponds to a height difference HI between the two 
rectangular prisms 301a and 303 is formed with high 
accuracy . 

In combining the two rectangular prisms 301a and 303, 
first, an adhesive is applied onto their surfaces to be 
bonded. Then, air bubbles in the adhesive are removed by 
rubbing the two prisms together. After that, as shown in 
Fig. 7, the two prisms 301a and 303 are laid on the base 
502. At this time, the prisms 301a and 303 are pressed 
against the height difference setting member 504 so that the 
height difference between the prisms is equal to the height 
difference HI of the height difference setting member 504. 
This makes it possible to set the height difference between 
the prisms with high precision. 

The bottom surfaces of the two. rectangular prisms 301a 
and 303 shown in Fig. 7 are not provided with any dichroic 
films, and are formed with ground surfaces. Since the 
surface 502a of the base 502 is formed with a high-precision 
flat surface, it is possible to obtain a high degree of 
flatness with respect to one plane formed by the two 
rectangular prisms. 

After the relative positional relationship between the 
two rectangular prisms 301a and 303 is thus precisely set, 
the adhesive applied on the bonded surfaces is solidified. 
As a result, it is possible to obtain the rectangular prism 
pair 301a and 303 in a combination of high precision. 

Fig. 8 is an explanatory view showing the process of 
bonding the second rectangular prism 302a and the fourth 
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rectangular prism 304. A second assembly jig 510 to be used 
at this time includes a base 512 and a height difference 
setting member 514 in the same manner as the first assembly 
jig 500. The second assembly jig 510 is different from the 
first assembly jig 500 only in that a height difference H2 
of the height difference setting member 514 is set at a 
value equivalent to a height difference H2 between the two 
rectangular prisms 302a and 304. The assembly method is 
similar to the method for the first rectangular prism 301a 
and the third rectangular prism 303 mentioned with reference 
to Fig. 7. 

The bottom surfaces of the two rectangular prisms 302a 
and 304 shown in Fig. 8 are provided with red reflecting 
films, respectively. Since a surface 510a of the base 510 
is formed in a high-precision flat surface, it is possible 
to obtain a high degree of flatness with respect to a red 
reflecting plane formed by the red reflecting films of the 
two rectangular prisms 302A and 304, 

Comparing lights of two colors, red and blue, to be 
reflected by the reflecting plane, the red light has the 
higher spectral luminous efficiency (that is, it is more 
visible to the naked eye) . Therefore, it is preferable that 
the plane to be formed by the red reflecting films be as 
even as possible. According to the assembly method of this 
embodiment, the assembling can be performed so that the red 
reflecting films 302R and 304R shown in Fig. 6 precisely 
form one plane, and therefore, it is possible to produce an 
excellent dichroic prism in this aspect. Since the spectral 
luminous efficiencies of green, red, and blue decrease in 
this order, when green reflecting films are used instead of 
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the red reflecting films or the blue reflecting films, it is 
preferable that the assembling is performed by this assembly 
method so that the green reflecting films form one plane. 

Fig. 9 is an explanatory view showing the process of 
bonding two bonded prisms that are produced according to 
the processes shown in Figs. 7 and 8. This assembly process 
uses a third assembly jig 520. Fig. 9(B) is a plan view of 
the third assembly jig 520. The third assembly jig 520 
includes a base 520 having a rectangular opening 522b at 
about the center, and a height difference setting member 524 
fixed on a surface 522a of the base 520. The dimensions of 
the opening 522b are set so that the short rectangular prism 
pair 303 and 304 are completely held inside thereof and both 
ends of the long rectangular prism pair 301a and 302a in the 
longitudinal direction are outside thereof. 

A height difference H3 of the height difference setting 
member 524 is set at a value equal to the difference between 
the height difference HI of the bonded prism shown in Fig. 
7 and the height difference H2 of the bonded prism shown in 
Fig. 8 (H2-H1) . 

In bonding the two bonded prisms together, an adhesive 
is applied onto their surfaces to be bonded, and the two 
bonded prisms are laid on the third assembly jig 520 so 
that the short rectangular prism pair 303 and 304 are held 
inside the opening 522b, as shown in Fig. 9(A). Then, the 
height difference between the long rectangular prism pair 
301a and 303a is made equal to the height difference H3 of 
the height difference setting member 524 by pressing the 
long rectangular prism pair 301a and 302a against the height 
difference setting member 524. As a result, it is possible 
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to set the height difference between the rectangular prisms 
301a and 303a with high precision. 

Only the protruding portions of the rectangular 
surfaces of the two rectangular prisms 301a and 303a which 
are not provided with reflecting films (311, 312, 321, and 
322 shown in Fig. 3) are in contact with the surface 522a of 
the base 522. Since these protruding portions 311, 312, 
321, and 322 are ground surfaces, it is possible to obtain a 
high degree of flatness with respect to these ground 
surfaces by placing these protruding portions 311, 312, 321, 
and 322 on the surface 522a of the base 522. As shown in 
Figs. 6(A) and 6(B), the ground surface (adhesive surface) 
that is flush with the protruding portions 311 and 312 is 
provided with the blue reflecting film 301B, and the ground 
surface (adhesive surface) that is flush with the protruding 
portions 321 and 322 is also provided with the blue 
reflecting film 302B. Therefore, by assembling the 
rectangular prisms as shown in Fig. 9, a high degree of 
flatness can be obtained with respect to the blue reflecting 
plane formed by the blue reflecting films 301B and 302B. 

After the relative positional relationship between the 
two bonded prisms is precisely set, the adhesive applied on 
the bonded surfaces is solidified. As a result, it is 
possible to obtain the precisely combined dichroic prism 
200a (Fig. 4) . When an ultraviolet-curing adhesive is used 
as the adhesive for bonding the four rectangular prisms, it 
is possible to reduce the curing time and the heat to be 
generated during curing. 

Fig. 10(A) is a perspective view of a prism stand 400 
for mounting the dichroic prism 200a thereon, viewed from , 
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the front side, and Fig. 10(B) is a perspective view of the 
prism stand 400, viewed from the opposite side. This prism 
stand 400 has an external shape of a square when viewed in 
plan, and comprises first and second triangular stands 402 
and 404 having a right-angled triangular shape that are each 
one-fourth of the external shape, and a third triangular 
stand 406 having a right-angled triangular shape that is 
half the external shape. The third triangular stand 406 is 
the highest of the three triangular stands. The first 
triangular stand 402 is lower than the third triangular 
stand 406 by H4 . This height difference H4 is almost equal 
to the downward protrusion length H2 of the first 
rectangular prism 301a from the short rectangular prism pair 
303 and 304, as shown in Fig. 5(A). The second triangular 
stand 404 is lower than the third triangular stand 406 by 
H5. This height difference H5 is almost equal to the upward 
protrusion length HI of the first rectangular prism 301a 
from the short rectangular prism pair 303 and 304, as shown 
in Fig. 5 (A) . 

In utilizing the dichroic prism 200a in an optical 
apparatus such as a projection display apparatus, 
preferably, the dichroic prism 200a and the prism stand 400 
are combined into the prism unit shown in Fig. 11(A) by 
bonding the bottom surface of the dichroic prism 200a to the 
prism stand 400, and the dichroic prism 200a is fixed inside 
the optical apparatus through the prism stand 400. Since 
the prism stand 400 is flat at the bottom, it can be easily 
fixed inside the optical apparatus by using screws or the 
like. It is preferable to use resin or metal as the 
material of the prism stand in consideration of costs and 
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ease of shaping. The use of a resin or metal prism stand 
creates a concern that the prism stand is apt to be deformed 
by heat and the dichroic prism 200a in the optical apparatus 
may be displaced due to the deformation. When the bottom 
surface of a corresponding rectangular prism of the dichroic 
prism 200a is bonded to only one of the first to third 
triangular stands 402, 404, and 406 of the prism stand 400, 
however, the dichroic prism 200a is relatively resistant to 
displacement even if the prism stand 400 undergoes thermal 
deformation. In particular, when the rectangular prism 301a 
is bonded only to the first triangular stand 402, or when 
the rectangular prism 302a is bonded only to the second 
triangular stand 404, since the area of the bonded surface 
is small, it is possible to minimize the influence of 
thermal deformation of the prism stand. 

In using the dichroic prism 200 shown in Fig. 1 
according to the first embodiment, a prism stand having a 
step portion that corresponds to the step portion at the 
bottom of the dichroic prism 200 is used. 

Fig. 11(B) is an enlarged view showing the step portion 
formed by the upward protruding portions of the long 
rectangular prism pair 301a and 302a. A part 310 of the 
rectangular surface of the second rectangular prism 302a is 
exposed above the first rectangular prism 301a. This 
exposed surface 310 is provided with an adhesive layer 312 
serving as a light scattering layer. Fig. 11(C) is a 
horizontal sectional view of the dichroic prism 200a, taken 
at the exposed surface 310 of the second rectangular prism 
302a, and illustrates the state in which return light W is 
irregularly reflected by the adhesive layer 312. The return 
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light W, which returns from the light emitting surface side 
to the inside of the dichroic prism 200a, is totally 
reflected by the exposed surface 351 of the rectangular 
prism 302a, and then is irregularly reflected again by the 
adhesive layer 312 formed on another exposed surface 310. 
Therefore, it is possible to prevent the return light W from 
emitting again from the light emitting surface of the 
dichroic prism 200a. 

Another light diffusing layer may be formed on the 
protruding portion 310 instead of the adhesive layer. For 
example, the exposed surface 310 may be made of ground 
glass. Similarly, it is preferable that the exposed surface 
351 and the step portion at the bottom of the dichroic prism 
be provided with a light diffusing layer such as an adhesive 
layer, or be made of ground glass. 
C. Configuration of Projection Display Apparatus 

Fig. 12 is a schematic plan view showing the principal 
part of a projection display apparatus that utilizes the 
dichroic prism unit 260 according to the embodiment of the 
present invention. This projection display apparatus 
comprises an illumination optical system 100, dichroic 
mirrors 210 and 212, reflecting mirrors 220, 222, and 224, 
relay lenses 230 and 232, three field lenses 240, 242, and 
244, three liquid crystal light valves {liquid crystal 
panels) 250, 252, and 254, the dichroic prism unit 260, and 
a projection lens system 270. 

The illumination optical system 100 comprises a light 
source 110 for emitting an almost parallel beam, a first 
lens array 120, a second lens array 130, a polarizing 
conversion element 140 for converting incident light into a 
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predetermined linearly polarized light component, a 
reflecting mirror 150, and a condenser lens 160. The 
illumination optical system 100 is an optical system for 
almost uniformly illuminating the three liquid crystal light 
valves 250, 252, and 254 that are regions to be illuminated. 

The light source 110 comprises a source lamp 112 
serving as a radiation source for emitting radial beams and 
a concave mirror 114 for emitting the radial light emitted 
from the source lamp 112 as an almost parallel beam. It is 
preferable to use a parabolic mirror as the concave mirror 
114. 

A parallel beam emitted from the light source 110 is 
split into a plurality of partial beams by the first and 
second lens arrays 120 and 130. Microlenses 122 of the 
first lens array 120 focus the partial beams near polarizing 
separation films of the polarizing conversion element 140. 
Microlenses 132 of the second lens array 130 have the 
function of focusing light source images in the first lens 
array 120 onto the liquid crystal light valves 250, 252, and 
254. The partial beams emitted from the microlenses 132 of 
the second lens array 130 are reflected by the reflecting 
mirror 150. The condenser lens 160 functions as a 
superimposing optical system that superimposes and focuses 
these plurality of partial beams onto the liquid crystal 
light valves 250, 252, and 254 serving as regions to be 
illuminated. As a result, the liquid crystal light valves 
250, 252, and 254 are illuminated almost uniformly. 

The two dichroic mirrors 210 and 212 function as 
colored light separation means for separating white light 
condensed by the condenser lens 160 into colored lights of 
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three colors, red, green, and blue. The first dichroic 
mirror 210 transmits a red light component of the white beam 
emitted from the illumination optical system 100, and 
reflects a blue light component and a green light component. 
The red light transmitted through the first dichroic mirror 
210 is reflected by the reflecting mirror 220, and reaches 
the liquid crystal light valve for red light 250 through the 
field lens 240. The field lens 240 has the function of 
focusing the light source image near the second lens array 
130 into the projection lens system 270. Furthermore, the 
partial beams passed through the field lens 240 are made 
into almost parallel beams. This also applies to the field 
lenses 242 and 244 located in front of the other liquid 
crystal light valves. The green light of the blue and green 
lights reflected by the first dichroic mirror 210 is 
reflected by the second dichroic mirror 212, passes through 
the field lens 242, and reaches the liquid crystal light 
valve for green light 252. On the other hand, the blue 
light passes through the second dichroic mirror 212 and a 
relay lens system including the relay lenses 230 and 232 and 
the reflecting mirrors 222 and 224, further passes through 
the field lens 244, and reaches the liquid crystal light 
valve for blue light 254. The relay lens system is provided 
for the blue light because the optical path length of the 
blue light is longer than those of the other colored lights. 

The three liquid crystal light valves 250, 252, and 254 
function as optical modulation means for forming images by 
modulating the colored lights of three colors according to 
given image information (image signals) . The dichroic prism 
unit 260 functions as colored light synthesizing means for. 



- 22 - 

forming a color image by synthesizing the three colored 
lights. In the dichroic prism unit 260, a dielectric 
multilayer film for reflecting red light and a dielectric 
multilayer film for reflecting blue light are located in 
about the shape of an X on the interface surfaces among four 
rectangular prisms. The three colored lights are 
synthesized by these dielectric multilayer films, whereby a 
synthetic light for projecting a color image is formed. The 
synthetic light generated by the dichroic prism unit 260 is 
emitted toward the projection lens system 270. The 
projection lens system 270 functions as a projection optical 
system for projecting the synthetic light onto a projection 
screen 300, and thereby displaying a color image. 

This projection display apparatus utilizes the prism 
unit 260 employing the dichroic prism according to the 
above-mentioned embodiment. Therefore, it is possible to 
prevent return light from the projection lens 270 to the 
dichroic prism from emitting again from the light emitting 
surface of the dichroic prism. As a result, it is possible 
to prevent an image to be projected on the projection screen 
300 from being affected by the return light, and to thereby 
project a clear image. 

The present invention is not limited to the above- 
mentioned embodiments and forms, and may be embodied in 
various forms without departing from the spirit and -scope 
thereof. For example, the following modifications are 
possible . 

(1) While two of the four rectangular prisms for 
constituting the dichroic prism are longer than the other 
two rectangular prisms in the above embodiments, the present 
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invention is not limited to such a structure, and is 
applicable to a case in which at least one rectangular prism 
is longer than the other rectangular prisms. Furthermore, 
the present invention is applicable to a case in which four 
rectangular prisms of equal length are bonded while being in 
a state shifted from one another in the longitudinal 
direction. 

(2) While two relatively long rectangular prisms are equal 
in length in the above embodiments, they may be different in 
length. When the two relatively long rectangular prisms are 
different from each other in length, it is easy to 
discriminate between the top and bottom of the dichroic 
prism. Furthermore, two relatively short rectangular prisms 
may be different in length. 

(3) Various types of placements and structures of dichroic 
films in the dichroic prism are possible besides those of 
the above embodiments. For example, a green reflecting film 
may be provided instead of the blue reflecting film. 

(4) While the present invention applies to a transmissive 
projection display apparatus in the above embodiments, it is 
also applicable to a reflective projection display 
apparatus. The "transmissive" type means that optical 
modulation means such as a liquid crystal light valve 
transmits light, and the "reflective" type means that the 
optical modulation means transmits light. In the reflective 
projection display apparatus, the dichroic prism is utilized 
as colored-light separation means for separating white light 
into lights of three colors, red, green, and blue, and is 
also utilized as colored light synthesizing means for 
synthesizing again and emitting the modulated three colored 



lights in the same direction. Even when the present 
invention applies to the reflective projection display 
apparatus, it is possible to obtain almost the same 
advantages as those of the transmissive projection display 
apparatus . 

(5) While irregular reflection is given as an example of 
light scattering in the above embodiments, light may be 
uniformly scattered instead of being irregularly reflected- 
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CLAIMS 



1. A dichroic prism composed of four rectangular prisms 
with their rectangular surfaces bonded together, 

wherein a part of a rectangular surface of at least one 
of said four rectangular prisms protrudes from the 
rectangular surfaces of other rectangular prisms, and 

wherein a dichroic film is formed on a part of the 
rectangular surface of said protruding rectangular prism 
other than said protruding part. 

2. A dichroic prism composed of four rectangular prisms 
with their rectangular surfaces bonded together, 

wherein a part of a rectangular surface of a first 
rectangular prism pair composed of two adjoining rectangular 
prisms of said four rectangular prisms protrudes from a 
rectangular surface of a second rectangular prism pair in a 
longitudinal direction, and 

wherein a dichroic film is formed on a part of the 
rectangular surface of said first rectangular prism pair 
other than said protruding part. 

3. A dichroic prism according to Claim 2, wherein said two 
rectangular prisms in said first rectangular prism pair are 
fixed in a state shifted from each other in the longitudinal 
direction so that they form a step. 

4. A dichroic prism according to any of claims 1 to 3, 
wherein the rectangular surface of said protruding part is 
provided with a light diffusing layer for diffusing light. 
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5. A dichroic prism according to claim 4, wherein said 
light diffusing layer is an adhesive layer. 

6. A dichroic prism according to claim 5, wherein said 
light diffusing layer is a ground glass layer. 

7. A prism unit, comprising: 

a dichroic prism claimed in any of claims 1 to 6; and 
a prism stand for mounting said dichroic prism thereon, 
wherein said prism stand has a step that matches a step 
of said dichroic prism. 

8. A projection display apparatus, comprising: 
an illumination optical system for emitting 

illumination light; 

colored light separation means for separating the 
illumination light into lights of three colors; 

three light modulation means for modulating the three 
colored lights based on a given image signal; 

a dichroic prism claimed in any of claims 1 to 6; and 

a projection optical system for projecting lights 
synthesized by said dichroic prism. 



ABSTRACT 



At least one of four rectangular prisms 301, 302, 303, 
and 304 in a dichroic prism 200 is made longer than the 
other rectangular prisms. That is, part of the rectangular 
surfaces of the long rectangular prisms 301 and 302 
partially protrude from the rectangular surfaces of the 
other rectangular prisms 303 and 304 in the longitudinal 
direction. The protruding parts of the rectangular surfaces 
of the long rectangular prisms 301 and 302 are not provided 
with a dichroic film. Such a construction makes it possible 
to prevent return light, which returns from the light 
emitting surface side of the dichroic prism to the dichroic 
prism, from emitting again from the light emitting surface. 
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My residence, post office address and citizenship are as stated 
next to my name. 

I believe I air the ori^nal. first and sole inventor {if only one name 
is listed below) or an original, first and joint inventor (if plural 
names are listed below) of the subject matter which is claimed 
ar>d for which a patent is sought on the invention entitled 

PICHROIC PRISM. PRISM UNIT. AND PROJECTION DISPLAY 
APPARATUS 

the specification of which is attached hereto unless the following 
bos is checked: 



nffwt^^m mmmwi*^^ t Appiicat»n 

{K^-r-5«-&) iZiimStl^Vrzo PCT international Application Number 

and was amended on 



1 hereby state that I have reviewed and urKlerstand the contents 
of the above idontified specification, including the claims, as 
amended by any amendment referred to above. 



I aeknowledce the duty to disclose information which is material 
to patentabHity as defined in Title 37. Code of Federal 
Regulations, Section 1.58. 
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Burden Bjour Statement: Thia fiiria is estiraatsd to take 0.4 hours to complete. Time will vary depsndine upon the needs of the individual ease Any 
comments on the amount of tame you an required to complete this fiwm should be aent to the Chief InfbrmatioB OtBcer, Patent and Trademark 
Office. Weahington, DC 20231. DO NOT SEND FEES OH COB4PUETED PORMS TO THIS ADDRESS. SEND TO: Commisuoner of Patent, end 
Trademarka. WashinBtan. DC 20231. 



Patent and Tradomarfc Offioe: 



PTO/SB/ioe C8-96> 
. throuch 9/30/98 OMB 0651-0032 
J.S. OEPARTMEMT OF COMMERCE 



Japanese Language Declaration 



3ft@^ftiB3 5«|1 1 9« (a)-<d)3BXB3 6 5*(b) 



8-342690 
(Number) 

(Number) 



(Country) 

(Hl«) 



(Country) 
(HA) 



I hereby claim foreign priority under Titie 35. United States Code. 
Section 119 (a)-<d) or 365(b) of any foreign applicationCs) for 
patartt or inventor's certificate, or 365(a) of any PCT 

International applicatjon which designated at least one country 
other than the United States, listed below and have also 
identified below, by checkins the box. any foreign application for 
patent or Inventor's certificate, or PCT International application 
having a filing date before that of the application on which priority 
Is claimed. 

Priority Not Claimed 



06/Dacember/1996 
(Day/Month/Year Filed) 



□ 



□ 



(Day/Month/Yoar Filed) 

(iB«i*PMB) 



I hereby claim the benefit under Title 35. United States Cede. 

Section 119 (e) of any Unitad States provisional application(s) 
listed betow. 



(Application No.) (FiKng Date) 

3!l(c)CS-:3<«|ipJtCC:C±!lU*r. *r=, *tmR©»BISi« 
HO(^Sfi«*Hac»!B 3 5 « 1 1 2 SfeJB 1 fflXtiWfFttiftlfeWca 



PCT/JP97/04507 O^/Decambar/1 997 

(Application No.) (Filing Darte) 

(ttilf««) {tUMB) 



(Application No.) (FiHng Date) 

(ibH»«> (ttSUB) 

SWSU'-f Ki:raW<J!>ff»U:*S»A» 1 8«llll 0 0 1 IfeC^S^ 



(Application No.) (FilinK Oats) 

(Ui«a»#) (ta»B) 

I hereby claim the benefit under Title 35. United States Code. 
Section 1 20 of any United States applicatien(s). or 36S (c) of any 
PCT International application designating the United States, 
listed below and, insofar as the subject matter of each of the 
claims of this application is not diaelosed in the prior United 
States or PCT International appUeatien in the manner provided 
by the first paragraph of Title 35, United States Code. Section 
1 1 2. I acknowledge the duty to disckma information which is 
material to patentability as defined in Tttle 37. Code of Federal 
Regulations. Section 1.56 whk:h became available between the 
filinK date of the prior applieation and tHe national or PCT 
Irttematienal fitinK darta of application: 

Pending 

(Status: Patented. Pending. Abandoned) 



(status: Patented. Pending, Abandoned) 

I hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on infbrmatkjn 
and belief are believed to be true: and further that these 
statements were made with the knowledge that willfui false 
statements arMl the lyce so made are puniehable by fine or 
imprisonment or both, under Section 1001 of Title 18 of the 
United States Code and that such willful false statements may 
jeopardize the validity of the applksation or any patent issued 
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PTO/S8/106 (a-96) 
Apfnved for uw throufh 9/30/98 OMB 0851-0032 
Prt.nt and T«d.m«rk Offie.. U.S. DEPARTOENT OF COMMERCE 



(1 



Japanese Language Declaration 

T«a®«BB*fcLr. *aiBltMf S-«Jffl*«6 POWER OF ATTORNEY: A. a named inventor, thereby appoint the 
^iilfin^mmmiZM\^Xm^TiifM±^TziitrtmXt U-r, T following attomey<s) and/or agents) to prosecute thi» appliction 
SS«)#*ti«V>fet-*-*-= (#»±, tfc{±ftaA®ft«StJ'aa and transact all buaineaa in the Patent and Trademark Office 
* 5333© :i il ) connected therewith. C//st name and registration number) 
James A. Oliff. (Ret 27.075) -^ames A. Oliff, (Ret aT^OTS)^ 
Willi«T, P. BTTidg.. (R^ri5:024) William P. B.rridg.. (R.f. 
Kirk M. Hudson. (R.fc 27,562) Xirk M. Hudson, (R-«. 2LS62)_ 
Thomas J. Pardini. (R^e- 30.41 1) Thomas J. Pard-»,i. (Reg. 30.411) 
Edward P. Walker. (R.fr Edw-'d P Wdker. (R.E.Ji4^ 
Robert A. Miller. (Refr 32.771 > Robert A. Miller. <R.«. J2J71I)_ 
Mario A. Costantino, (Reg. 33.565) Mario A. Costantino. (Reg. 33.565)^ 


«3tMf=f5£ : 

OLIFF & BERRIDGE. PLC 

p^a_Box_iaa23 

Alexandria. Virginia 22320 


Send Correspondence to: 

OLIFF & BERRIDGE. PLC 
P.O. Box 19928 
Alexandria. Virginia 22320 




m.WM.mmtk% ■■ («Biiav«s»^) 

OLIFF & BERRIDGE. PLC 
(703) 836-6400 


Direct Telephone Call* to: (name and tele 
OLIFF & BERRIDGE. PLC 
(703) 836-6400 


phone number) 


^lil «9f 


Full name of cola or flrrt inventor t _ 
Tomiyoahi USHIYAMA 


00 




Inventor's signature 


Date 






, Japan ZTS^X 




Citizenship " 




392-8502 B*a«»*«l»TtT*«3Tl3«5-* 


Post Office Address 

c/o Seiko Epson Corporstion 

3-5, Owa 3-chome, Suwa-shi. Nagano-ken 392-8502 Japan 






Full n«me of second Joirvt irTv«nrtar. rf any 
Akitaka YAJIMA 






Second inventor's signature 


Date 




Residence ^ , 


a* 


Citizenship 
Japan 




392-8502 a*H«imilil»m^«3TBa«5-» 


Post Office Address 

c/o Seiko Epson Corporation 

3-5, Owa 3-chom», Suwar-shi. Nacan 


o-ken 392-B502 Japan 






(Supply simiiar infermatien and sisnature 
joint Inventors.) 


for third and subsequent 
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PTO/SB/106 (a-96) 
M throueh 9/30/98 OMB 0851-OQ3Z 
Prtant and Tradamarit Offic.: U.S. DEPARTMENT OF COMMERCE 



Japanese Language Declaration 



t*3it»»isast:*rLTj8^ff s#s±*fea:ftsAii LT. t 

James A. OIHf. (R«e. 27.075) 
William P. Bcrridte, (Rag. 30.024) 
Kirk M. Hudson. (Reg. 27.562) 
Thomas J. Pardini. (Rec- 30.41 1 ) 
Edward P. Walker. (Rec- 31,450) 
Robert A. Miller, CRe«. 32,771) 
Mario A. Costantino. (Reg. 33.565) 

OLIFF & BERRIDGE. PLC 
P.O. Box 19928 
Alexandria. Virginia 22320 



POWER OF ATTORNEY: As a named inventor. I hereby appoint the 
fbilowing attomey<s) and/or agentCs) to prosecute this applicatbn 
and transact all buainess in Ihe Patent and Trademark Offica 
connected therewith. C/ist name mnd rcgistrmtion number) 

James A. OlifF. (Reg. 27.075) 

William P. Barridga. (Rag. 30,024) 

Kirk M. Hudson. (Rag. 27.562) 

Thomas J. Pardini. (Reg. 30.411) 

Edward P. Walker. (Reg. 31 .450) 

Robert A. Miller. (Reg. 32.771) 

Mario A. Costantino, (Rag. 33,565) 

Send Correspondence to: 

OLIFF & BERRIDGE. PLC 
P.O. Box 1 9928 
Alexandria. Virginia 22320 



CUFF & BERRIDGE. PLC 
(703) 836-6400 


Direct Telephone Calls to: (name and telephone number) 
GUFF & BERRIDGE. PLC 
(703) 836-6400 


'Mil »m 


Full name of third joint inventor, if any ' ^ J 
Yasunori OGAWA O ^ 


fn^nnfm^am^ . eft 


Third inventor's signature Data 

Xe^st^itorf ^i'A^ 3^\y (0, /m 




Residence " _ y-> 

S'*t<v<^ - sA.- . A^f«.»o -A*^ Japan -^ Yi-di 


a* 


Citizenship 


392-8502 H *a«*F!ll«*ritf :*:«3-r S 3»5-9- 

-b-r=i— iii:^v>«fe^**ti>9 


Post Office Address 

c/o Seiko Epson Corporation 

3-5, Owa 3-chome, Suwa-shi. Nagano-ken 392-8502 Japan 






Futt name of -fourth joint inventor, if any 



ISeajtra^W^wa* aff Fourth inventor's signature Date 



Post Office Address 



(^HW»«*ra«W#fc^v.T4,H»»c33«L. *««-r*C i:) ^^uppiy simil«- information and signature for fifth «Hi .ub.«,u.nt 

joint inventors.) 
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